Objective: We investigated health-related quality of life (HRQOL) in patients with TIA and minor ischemic stroke (MIS) using Neuro-QOL, a validated, patient-reported outcome measurement system.
Patients with TIA and minor ischemic stroke (MIS) account for the majority of stroke patients who present for emergency care in the United States. 1 Mild symptoms on presentation is a common reason for exclusion from IV tissue plasminogen activator administration. 2 Acute ischemic stroke leads to decreases in health-related quality of life (HRQOL), even among those who have no or minimal poststroke disability. 3 Although the outcomes of most patients with minor symptoms, defined by a low NIH Stroke Scale (NIHSS) score, are favorable, approximately 25% of such patients become disabled. 2 Stroke outcomes traditionally have utilized disability scales of functional status, which often fail to represent the full effect of disease and treatment. The modified Rankin Scale (mRS) and Barthel Index (BI) are the most frequently used tools to measure disability and handicap after stroke. 4 With National Institute of Neurological Disorders and Stroke funding to address these limitations, Neuro-QOL was developed as a clinically robust and validated patient-reported HRQOL assessment tool for adults and children with neurologic disorders. 5, 6 We sought to (1) compare Neuro-QOL assessments with traditional measures using the mRS and BI, and (2) identify predictors of impaired HRQOL after TIA and MIS.
METHODS Standard protocol approvals, registrations, and patient consents. The study was approved by the local institutional review board. Consecutive patients aged 18 years or older with a confirmed acute ischemic stroke or TIA over a period of 12 months (August 1, 2012 through July 31, 2013) were enrolled in the Northwestern University Brain Attack Registry. Written informed consent was obtained from the patient or their legally authorized representative.
Selection of cohort. MIS was defined as sudden-onset neurologic deficits lasting .24 hours without alternative diagnosis, initial NIHSS score #5, and/or confirmation of acute ischemic stroke on diffusion-weighted imaging (DWI); presence of DWI abnormality regardless of symptom duration indicated MIS. 7 TIA was defined as sudden-onset neurologic deficits lasting ,24 hours without alternative diagnosis and no acute lesion on DWI. In patients in whom DWI was not performed (n 5 14), the diagnosis was made clinically based on the duration of symptoms. Diagnosis was made by a boardcertified vascular neurologist at our institution in each case. Consecutive patients with the following criteria were included: (1) MIS or TIA as previously defined; (2) absence of acute reperfusion treatment; (3) mRS score 0 or 1 at baseline; and (4) with complete follow-up data at 3 months (figure 1).
Index evaluation of subjects. Demographics, baseline (prestroke) disability using the mRS, insurance status, presenting NIHSS score, risk factors and comorbidities, and hospital course and treatments were collected prospectively. Hypertension, diabetes mellitus, dyslipidemia, prior stroke, atrial fibrillation or flutter, and cardiac disease (history or angina, myocardial infarction, coronary bypass or intervention, or congestive heart failure) were defined by documented history, active medications, or clinical or laboratory findings at presentation. Reperfusion therapy was defined as receipt of IV or intra-arterial tissue plasminogen activator and/or mechanical thrombectomy. Board-certified neurologists prospectively reviewed clinical and radiographic data to determine TOAST (Trial of Org 10172 in Acute Stroke Treatment) subtype 8 for each confirmed case; adjudication was made by consensus to avoid interrater reliability concerns. 9 Baseline imaging was independently reviewed by one investigator (S.P.) for presence of DWI lesion along with location and vascular territory, blinded to outcome data. We prospectively monitored for poststroke in-hospital medical complications. In-hospital recurrent stroke was diagnosed as new or worsening initial neurologic symptoms lasting .24 hours without alternative diagnosis. Recurrent stroke after hospitalization was recorded based on a validated questionnaire of reported symptoms of stroke and review of medical records for confirmation.
Outcomes. Three-month outcomes were assessed prospectively using functional outcome scales and domain-specific HRQOL scores. The functional outcome scales included the mRS and the BI. The mRS is a disability scale ranging from no symptoms (0) to dead (6) , and BI is an ordinal measure of activities of daily living performance with scores ranging from complete bedridden dependence (0) to full independence (100). 10 We obtained mRS and BI data by telephone interview, a validated method for assessment. 11, 12 We used previously published definitions of favorable outcome (BI of 95 or 100 and mRS score 0 or 1) at the 3-month time point. 13 At 3-month follow-up, patients or their proxies completed a series of domain-specific HRQOL assessments using the following 5 Neuro-QOL instruments (SF version 1.0): upper extremity function (fine motor activity, reaching activities), lower extremity function (mobility including walking on stairs or uneven surfaces), satisfaction with social roles and activities, applied cognition-executive function (planning, organizing, calculating, working with memory and learning), and applied cognitiongeneral concerns (perceived difficulties with abilities such as memory, attention, and decision-making). Neuro-QOL results were expressed as T scores referenced to general United States population (with enrichment from a clinical neurologic sample) demographics with mean 50 and SD 10 (additional information available at www.neuroqol.org). 5, 6, 14 Statistical analysis. Data are expressed as number (percent), mean (SD), or median (interquartile range) as appropriate. We calculated the proportions of patients with disability (defined by mRS score .1 or BI ,95) and impaired HRQOL in any of the 5 Neuro-QOL domains. We defined impaired HRQOL as T scores ,45 for any Neuro-QOL domain, which is .0.5 SD from the population mean and considered a conservative estimate of the minimal clinically important difference. 15 We assessed for differences in baseline demographic, clinical, and hospital course variables and disability measures among those with and without impaired HRQOL at 3 months using Pearson x 2 tests for categorical variables (Fisher exact test when appropriate), t tests for normally distributed continuous variables, and Mann-Whitney U tests for ordinal variables and Flowchart for study inclusion IS 5 ischemic stroke; MIS 5 minor ischemic stroke; NIHSS 5 NIH Stroke Scale.
nonnormally distributed continuous variables. Normality was assessed by Kolmogorov-Smirnov test.
We developed multivariate models to identify predictors of 3-month impaired HRQOL including those variables that showed univariate association (p , 0.05). We used stepwise backward variable removal for final model development. Odds ratios (OR) and 95% confidence intervals (CIs) were estimated. The Hosmer-Lemeshow test was used to assess fitness of the final model. We performed sensitivity analysis assessing only baseline and hospital factors (i.e., removing posthospital factors such as recurrent stroke) associated with impaired HRQOL. Lastly, stratified univariate analyses in MIS vs TIA patients were performed. Standard statistical software was used (IBM SPSS version 22, Armonk, NY). Statistical significance was considered to be p value ,0.05. Because of the exploratory nature of this project, no adjustment was made for multiple comparisons.
RESULTS Among 332 patients (mean age 65.7 6 15.3 years; 52.4% male; 68.1% white; 6.9% Hispanic; 29.2% TIA) included for analysis, 47 (14.2%) had recurrent stroke within 3 months and 41 (12.3%) were disabled (either mRS score .1 or BI ,95) at 3 months. Three-month outcome data were provided by proxies for 29 patients (8.7%). Any HRQOL impairment (T score ,45 in any of 5 domains) was noted in 119 patients (35.8%), with 27.1% among those with no disability and 97.6% with disability (p , 0.001). Using a more conservative threshold (T scores ,40 or 1 SD), 52 (15.7%) had impaired HRQOL in at least 1 of 5 domains with a majority of impairments reported in lower extremity and upper extremity function (table 1) . Stratified analysis by index stroke (MIS vs TIA) showed more impairments in patients with MIS compared to TIA (39.7% vs 22.7%, p , 0.001). Mean T scores were lower in those with 3-month disability vs those without (p , 0.001 for all 5 domains), with absolute differences ranging from 8 to 15 points (figure 2).
On univariate analysis, age, medical risk factors (diabetes, hypertension, and cardiac disease), initial NIHSS score at time of index presentation, presence of acute infarction of DWI, index diagnosis of MIS (vs TIA), recurrent stroke, and proxy reporting (vs patient) were associated with impaired HRQOL at 
were independent predictors of impaired HRQOL at 3 months. DISCUSSION In this novel study of patient-reported outcomes utilizing the Neuro-QOL tool after MIS and TIA, we observed that (1) more than one-third of patients reported impairments in various domains of HRQOL at 3 months; (2) Neuro-QOL scores correspond well with traditional measures of disability using the mRS and BI, although impaired HRQOL was noted in more than one-quarter of TIA/MIS patients without disability; and (3) age, index stroke severity, and recurrent stroke predict impaired HRQOL.
The mRS has long been utilized in clinical trials as the primary instrument in assessment of functional outcome after stroke and has many advantages, 16 18, 19 and inclusion as the standard outcome in high-profile stroke trials. 12 The mRS aligns closely with HRQOL in stroke survivors 20 and with Neuro-QOL scores in hemorrhagic stroke patients, with each step change in mRS associated with approximately 7-point change in mobility T scores. 14 However, Neuro-QOL scores provide context regarding the reasons for poor outcomes (i.e., poor mobility vs inability to manage one's own affairs), a shortcoming of the mRS. It may also overcome ceiling effects that are known to limit the mRS. Stewart and Cramer 21 previously observed that, of 21 patients with radiographically confirmed strokes with no disability based on mRS and NIHSS, 71% reported difficulty with hand movements by the Stroke Impact Score or reduced arm use by the Motor Activity Log score. Thus, when placed in this context, our finding that HRQOL impairments are noted even in those without disability by the mRS or BI is not surprising. HRQOL has been evaluated in multiple populations and has been found to be important in patients with ischemic stroke and TIA. 3, 22, 23 While no formal comparison has been conducted between Neuro-QOL and other stroke-specific QOL measures such as the Stroke Impact Score, some advantages of Neuro-QOL might include (1) domain selection based on the outcomes most likely to be affected by the disease (i.e., upper and lower extremity function, cognition, and executive function), (2) continuous normalized scores that simplify analysis and interpretation, and (3) the ability to compare scores across different diseases (i.e., executive function in stroke vs executive function in multiple sclerosis).
In patients with 3-month disability, mean T scores were the lowest (worst) for lower extremity function, underscoring the importance of mobility on disability. Indeed, nearly one-quarter of patients reported impairment in lower extremity function. Besides motor complaints, several studies have noted that cognitive and communication problems in addition to fatigue occur after TIA. [24] [25] [26] [27] Our findings are consistent with these studies in that 7% to 13% of TIA and MIS patients had self-reported impairments in executive function, general concerns, and social satisfaction.
Several hypotheses might explain disability after MIS. First, the index stroke may cause unmeasured (especially cognitive) and underappreciated deficits. Second, an early recurrent stroke may occur. Third, medical complications, medical treatments, and poststroke care (i.e., rehabilitation) may influence disability in long-term follow-up; for example, patients may report fatigue from b-blockers 28 or psychological impairments from being placed on anticoagulation. 29 A prior study found that infarct growth on early brain MRI predicts disability after MIS, suggesting that the index stroke may be the key predictor. 30, 31 However, a recent analysis from the CHANCE trial found that recurrent stroke has a major role in determining HRQOL after TIA and MIS. 32 Our observation that both index stroke severity and recurrent stroke were independent predictors of impaired HRQOL is consistent with these prior studies.
We used T scores ,45, or approximately 0.5 SD from the population mean, as the cutoff for impairment in Neuro-QOL. This difference is likely to be a meaningful one. A thorough analysis of the distribution of effect sizes computed from estimated minimal clinically important difference from 33 studies performed by Norman et al. 33 demonstrated that when patients with a chronic disease are asked to identify minimal important change, the estimates fall very close to 0.5 SD. We also relied on telephone interviews. Neuro-QOL may be administered via face-to-face interviews, by telephone, or online self-administration. A recent study by Bjorner et al. 34 noted that score validity and reliability are not affected by mode of administration (i.e., telephone, computer, pen and paper, handheld devices) for PROMIS (Patient Reported Outcomes Measurement Information System) measures. Neuro-QOL measures were developed in conjunction with PROMIS measures by the same group of coinvestigators using similar development protocols.
While our study has several strengths including its prospective design and longitudinal follow-up at 3 months, there are also several limitations. First, as a report from a single urban academic medical center, our results may not be generalizable to all settings. Replication of our findings in multicenter cohorts and different settings is needed. Second, our rate of disability (12.3%) after MIS and TIA likely is an underestimate compared to prior studies suggesting 25% have disability since we included patients within all presenting time windows (i.e., not only reperfusion or hyperacute windows) and only those who survived to 3-month follow-up. Third, Neuro-QOL measures are patient-reported outcomes; objective measures of cognition and psychological function after TIA and MIS were not performed in this study; therefore, we cannot comment on the degree of cognitive impairment and psychological dysfunction. Fourth, we did not assess other measures of HRQOL such as fatigue, language function, or depression. Fifth, we are unable to report changes in T scores pre-and poststroke. Prestroke measures of HRQOL were not collected since these are cumbersome to perform and not validated in hospitalized patients. Lastly, HRQOL assessment requires active participation by the patient and therefore may be suspect to inaccuracy if patients lose interest or become fatigued during the assessment.
Neuro-QOL provides researchers and clinicians with a novel tool for assessment of HRQOL. Impairment in HRQOL is common at 3 months after MIS and TIA, even in patients without disability by traditional outcome scales such as the mRS. Predictors of impaired HRQOL include age, index stroke severity, and recurrent stroke. Future studies should include Neuro-QOL measures in outcome assessment after TIA and MIS, as these may be complementary to traditional disability scales for the detection of mild deficits.
AUTHOR CONTRIBUTIONS
Dr. Sangha: acquisition of data, analysis and interpretation, writing the paper. Dr. Caprio: analysis, drafting of manuscript, and critical revision of manuscript. Dr. Askew: analysis and interpretation, critical revision of manuscript. Mr. Corado: acquisition of data. Dr. Bernstein: acquisition of data, critical revision of the manuscript for important intellectual content. Dr. Curran: acquisition of data. Dr. Ruff: acquisition of data. Dr. Cella: critical revision of the manuscript for important intellectual content. Dr. Naidech: critical revision of the manuscript for important intellectual content. Dr. Prabhakaran: study concept and design, analysis and interpretation, critical revision of the manuscript for important intellectual content.
